Background: The association between body mass index (BMI) at the time of breast cancer diagnosis and the prognosis of breast cancer patients remains controversial. Furthermore, the association between BMI and prognosis with respect to different breast cancer subtypes is not clearly defined. Methods: We analyzed data from 41,021 invasive breast cancer patients between January 1988 and February 2008 from the Korean Breast Cancer Registry (KBCR) database. Overall survival (OS) and breast cancer-specific survival (BCSS) were analyzed using the Kaplan-Meier method and Cox's proportional hazard regression model among all patients and specific breast cancer subtypes with respect to BMI categories. Results: A U-shaped association between BMI and mortality was observed in the total cohort. Underweight and obese individuals exhibited worse OS (hazard ratio, 1.23 [95 % confidence interval {CI}, 1.05 to 1.44] and 1.29 [1.13 to 1.48], respectively) and BCSS (1.26 [1.03 to 1.54] and 1.21 [1.02 to 1.43], respectively) than normal-weight individuals. In the estrogen receptor (ER) and/or progesterone receptor (PR)+/human epidermal growth factor receptor 2 (HER2) -subgroup, obese individuals exhibited worse OS (1.48 [1.18 to 1.85]) and BCSS (1.31 [1.13 to 1.52]) than normal-weight individuals. Conversely, in the ER and PR-/HER2+ subgroup, underweight individuals exhibited worse OS (1.68 [1.12 to 2.47]) and BCSS (1.79 [1.11 to 2.90]) than normal-weight individuals. Conclusions: We observed a U-shaped relationship between BMI at diagnosis and poor OS and BCSS among all breast cancer patients. However, obesity in the ER and/or PR+/HER2-subgroup and underweight in the ER and PR-/ HER2+ subgroup were poor prognostic factors. Therefore, BMI at diagnosis and breast cancer subtype should be considered simultaneously in various treatment decision processes and surveillance schedules.
Background
The association between body mass index (BMI) at the time of breast cancer diagnosis and the prognosis of breast cancer patients remains controversial despite many studies, including single institution, multi-center, and population-based studies, meta-analyses, and randomized controlled trials . In many studies, a high BMI at the time of breast cancer diagnosis has been identified as a negative prognostic factor [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . However, several studies have suggested that a low BMI at the time of breast cancer diagnosis correlates with a negative prognosis in breast cancer patients [18] [19] [20] . Some investigators have reported a weak or no relationship between BMI and prognosis in breast cancer patients [21] [22] [23] [24] .
Previous studies have not adequately demonstrated an association between BMI at the time of breast cancer diagnosis and prognosis in breast cancer patients with respect to breast cancer subtypes. Recent advances in our understanding of breast cancer biology based on molecular techniques allow us to divide breast cancer into at least four subtypes [25, 26] . These breast cancer subtypes exhibit different prognoses according to the estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) expressions. Therefore, it is important to understand the association between BMI and prognosis in the different breast cancer subtypes.
Moreover, there are certain differences between Asian and Western regions with respect to the prevalence of obesity. Although the prevalence of obesity is lower in Asians, the health risks associated with obesity occur at a lower BMI in Asian populations [27] [28] [29] . Therefore, an analysis of a large population-based cohort is needed to understand the prognostic significance of obesity in Asian breast cancer patients.
The aim of this study was to investigate the prognostic significance of BMI at the time of breast cancer diagnosis in all breast cancer patients and in each breast cancer subtype by analyzing overall survival (OS) and breast cancerspecific survival (BCSS) using population-based data from the Korean Breast Cancer Registry (KBCR) database.
Methods

Korean breast cancer registry (KBCR)
The KBCR database is a web-based, prospectively maintained nationwide database managed by the Korean Breast Cancer Society (KBCS). One hundred and two institutions have voluntarily participated in this registry since 1997. Before inserting personal information along with various datasets, written informed consent should be mandatory from the patient. From the initial conception of KBCR database, principal investigators from every single institution have agreed on the principles and process of utilizing this database for research purposes. After 2000, an online registration program was implemented, and the database has been actively utilized for various research studies on breast cancer in Korea [18, 30] . Essential registry items include the patient's unique Korean resident registration number, gender, age, the surgical method used, and cancer stage according to the seventh edition of American Joint Committee on Cancer classification [31] . Moreover, data on height, weight, biological status (such as ER, PR, HER2, p53, and Ki67 status), and adjuvant treatment (such as radiotherapy, chemotherapy, and hormonal therapy) are collected as optional items within the KBCR database. The Korean Central Cancer Registry provides mortality data only, and the KBCR does not include information on tumor recurrence.
According to the guidelines of utilizing KBCR database, this study was approved by the institutional Review Board (IRB) of St. Vincent's Hospital, College of Medicine, The Catholic University, where the first author of this article is affiliated (VC14RISI0234).
Patients and follow-up
In this study, we selected and assessed invasive breast cancer patients who underwent curative surgery between January 1988 and February 2008. To achieve a more accurate analysis, we excluded patients treated with neoadjuvant therapy and patients for whom essential registry data (gender, age, height, weight and cancer stage) and ER/PR status were not available. Patients with distant metastasis at the time of diagnosis were excluded, because distant metastasis is the worst prognostic factor compared with other prognostic factors (such as age, tumor size, histologic grade, lymph node status, adjuvant treatment, BMI, hormone receptor status and HER2 expression) and serves as confounding factor for survival analysis.
The data on the remaining 41,021 patients were included in the final analysis.
All patients were categorized into five subgroups according to the expression of ER, PR and HER2 as follows: (a) ER and/or PR+/HER2-; (b) ER and/or PR+/HER2+; (c) ER and PR-/HER2+; (d) ER and PR-/HER2-; and (e) unknown. All patients for whom ER/PR expression but not HER2 expression information was available were categorized into the unknown group.
Positive staining for ER or PR was defined as the positive staining of ≥10 % nuclei in ten high-power fields, and HER2 positivity was defined as 3+ immunohistochemical (IHC) staining or HER2 gene amplification by fluorescence in situ hybridization (FISH). Cases of 2+ HER2 by IHC without a FISH result were treated as HER2-negative.
Patient survival data, including the date and cause of death, were obtained from the Korean Central Cancer Registry, Ministry of Health and Welfare, Korea.
Statistical analysis
BMI was calculated by dividing weight (kg) by height (m) squared. The BMI at diagnosis was categorized as normal BMI (18.5 -24.9 kg/m 2 ), underweight BMI (<18.5 kg/m 2 ), overweight BMI (25.0 -29.9 kg/m 2 ) and obese BMI (≥30 kg/m 2 ) according to the guidelines of the World Health Organization (WHO) [32] .
The patient characteristics were compared with respect to BMI category (underweight, normal weight, overweight and obese) using the chi-square test. The chi-square test and analysis of variance (ANOVA) were used to determine differences in the clinicopathological features between groups. With respect to survival analyses, we explored OS and BCSS using data from the KBCR database. OS was defined as the time from the initial diagnosis of primary breast cancer to death from any cause. BCSS was defined as survival until death from breast cancer. Survival curves were estimated using the Kaplan-Meier method. Log-rank tests were performed for the comparison of survival curves. Multivariate analyses were conducted using Cox's proportional-hazard regression models to study the effect of BMI at diagnosis on OS and BCSS. The parameters included in the multivariate analysis model were as follows: patient age; tumor size; histologic grade; lymph node status; operation method; adjuvant treatment; ER/PR status and HER2 expression. A p value of less than 0.05 was considered significant. All statistical analyses were performed using the SAS software for Windows (release 9.2; SAS Institute, Cary, NC, USA).
Results
Patient characteristics
For the 41,021 patients included in our analysis, the mean age at breast cancer diagnosis was 48 years (range, 18 to 93). The baseline characteristics are presented in Table 1 , stratified according to BMI categories. The BMI categories revealed a significant association with known breast cancer prognostic factors. The median age at diagnosis for obese patients was significantly older than underweight patients (p < 0.001). Obese patients had larger tumors (p < 0.001), high frequencies of axillary lymph node metastasis (p < 0.001), histologically high-grade lesions (p = 0.003), and negative ER and PR (p = 0.002) and HER2 expression (p = 0.004) compared with underweight patients.
Breast cancer subgroups categorized according to the expression of ER, PR and HER2 exhibited a significant association with BMI categories (p < 0.001). The ER and/or PR+/HER2-and ER and PR-/HER2-subtypes were more prevalent in the obese BMI category. However, the ER and/or PR+/HER2+ subtype was more prevalent in the underweight BMI category.
Overall survival and breast cancer-specific survival
A total of 4468 deaths from any cause and 2824 deaths from breast cancer were observed over a median followup time of 92 months after diagnosis, with a maximum follow-up of 300 months.
After adjusting for poor prognostic factors, such as tumor size, axillary lymph node metastasis, histologic grade, ER, PR and HER2 expression, a U-shaped association between BMI and mortality was observed in the total cohort ( Table 2) . Compared with patients in the normal BMI category, those in the underweight BMI category exhibited significantly worse OS (adjusted hazard ratio [HR] 1.23, 95 % confidence interval [CI] 1.05 to 1.44, p = 0.0118), as did those in the obese BMI category (adjusted HR 1.29, 95 % CI 1.13 to 1.48, p = 0.0002). Patients in the underweight BMI category (adjusted HR 1.26, 95 % CI 1.03 to 1.54, p = 0.0219) and the obese BMI category (adjusted HR 1.21, 95 % CI 1.02 to 1.43, p = 0.0321) exhibited significantly worse BCSS compared with those in the normal BMI category.
In the ER and/or PR+/HER2-subgroup, patients in the obese BMI category exhibited significantly worse OS (adjusted HR 1.48, 95 % CI 1.18 to 1.85, p = 0.0006) and BCSS (adjusted HR 1.31, 95 % CI 1.13 to 1.52, p = 0.0003) compared with those in the normal BMI category (Table 3) . However, no significant difference was observed in the OS (p = 0.1269) and BCSS (p = 0.2684) rate between patients in the normal BMI category and the underweight BMI category. Conversely, in the ER and PR-/HER2+ subgroup, patients in the underweight BMI category exhibited significantly worse OS (adjusted HR 1.67, 95 % CI 1.12 to 2.47, p = 0.0113) and BCSS (adjusted HR 1.79, 95 % CI 1.11 to 2.90, p = 0.0179) compared with those in the normal BMI category. However, obese BMI was not associated with decreased OS (p = 0.4247) or BCSS (p = 0.5683) in the ER and PR-/HER2+ subgroup. In the ER and/or PR+/HER2+ and ER and PR-/HER2-subgroups, BMI categories did not exhibit a significant association with OS and BCSS. In the unknown subgroup, patients in the obese BMI category exhibited significantly worse OS (adjusted HR 1.36, 95 % CI 1.04 to 1.79, p = 0.0261) but not worse BCSS (adjusted HR 1.36, 95 % CI 0.97 to 1.90, p = 0.0747) compared with those in the normal BMI category.
Discussion
In our total cohort analysis, underweight and obese breast cancer patients exhibited significantly poorer OS and BCSS compared with normal BMI category breast cancer patients, suggesting a U-shaped relationship, as has been previously suggested [7, 13, 14, 17] . This is the largest study to suggest that breast cancer patients with a normal BMI range at diagnosis exhibit the most favorable breast cancer outcomes.
Similar to our finding, a previous study using the KBCR database demonstrated that underweight BMI is an independent negative prognostic factor for OS and BCSS after adjustment. However, in a previous study, neither obese patients nor overweight patients exhibited significant differences in OS and BCSS compared with normal-weight patients [18] . Two studies using the KBCR database reported different results for the prognostic significance of obesity in breast cancer patients. A potential explanation for the differing results is that more recent breast cancer patients (between 2007 and 2008) were included our study. Because an increase in overweight BMI and obesity has been noted in South Korean adults [33] , our study, which included more recent breast cancer patients, may provide a more accurate analysis of the prognostic significance of obesity in Korean breast cancer patients.
This study is the first to further explore results with respect to both BMI at diagnosis and the four breast cancer subtypes, enabling better identification of women at highest risk of poor outcomes.
In the ER and/or PR+/HER2-subgroup, obese breast cancer patients exhibited significantly worse OS and BCSS compared with normal and underweight BMI breast cancer patients. Previous studies have demonstrated that obesity is associated with an increase in OS or BCSS in patients with ER and/or PR positive breast cancer but is not in patients with ER and PR negative breast cancer [1, 4, 10, 11, 14] . Several hypotheses may [8, [34] [35] [36] . Obesity is related to the increased peripheral conversion of androgenic precursors to estradiol due to increased aromatase enzyme activity from large amounts of adipose tissue and is also related to decreased sex hormone-binding globulin [8, 34] . Additionally, obesity can increase insulin and insulin-like growth factors and obesity-related regulatory proteins, such as leptin and adiponectin [35, 36] . As a result, high circulating bioavailable estrogen, growth factors and regulatory proteins could have a carcinogenic effect, promoting tumor growth and progression, in breast cancer cells expressing the estrogen receptor.
In contrast to the ER and/or PR+/HER2-subgroup, underweight breast cancer patients exhibit significantly worse OS and BCSS compared with normal and obese BMI category breast cancer patients in the ER and PR-/ HER2+ subgroup. Recently, two studies evaluated the correlation between BMI and disease-free survival in HER2-positive breast cancer patients [11, 37] . One study reported that obesity decreases survival compared with normal weight [11] , but the second study reported conflicting results [37] . Because these studies were analyzed only in the context of obese versus non-obese HER2positive patients, including ER and/or PR positive and ER and PR negative breast cancer patients in the small sample size, these studies have not demonstrated whether an underweight BMI is associated with an increased risk of mortality relative to normal weight in the ER and PR-/ HER2+ subgroup. The relationship between underweight BMI and decreased survival might be at least partly explained by the presence of circulating tumor cells (CTCs) in the peripheral blood of breast cancer patients. CTCs that have detached from the primary tumor site may reach a secondary organ and lead to metastases [38] . Furthermore, alterations of the circulating immune cells may influence tumor progression and the efficacy of systemic antitumor treatments. Chronic undernutrition and micronutrient deficiency compromise the cytokine response and affect immune cell trafficking, which might affect the tumor-immune system interaction in other organs [39] .
In the ER and/or PR+/HER2+ and ER and PR-/ HER2-subgroups, BMI categories did not exhibit a significant association with OS and BCSS. Similar to our finding, one study reported that obesity was not associated with decreased survival in patients with triple-negative breast cancer [40] . Because the impact on BMI and breast cancer outcomes was masked by the effect of the ER and/or PR+/HER2-and ER and PR-/HER2+ subgroups, a weaker association between BMI and poor outcomes may exist in patients in the ER and/or PR+/HER2+ and ER and PR-/HER2-subgroup.
Our study has several strengths and limitations. The main strength of our study is its inclusion of a large sample (4468 deaths from any cause, 2824 deaths from breast cancer among 41,021 breast cancer patients), permitting a detailed examination across multiple BMI categories during the long follow-up period. Furthermore, our study is the first to investigate the prognostic significance of BMI in four different breast cancer subtypes. However, our study was limited by the information available in the KBCR database. First, registered patients in the KBCR database were heterogeneous with respect to breast cancer stage, IHC staining results, and presence of comorbidities. Additionally, the essential registry data (BMI and HR expression) were only available for 62.84 % of invasive breast cancer patients in the KBCR database. Therefore, the possibility of selection bias remains. Second, although total sample size is larger compared with previous studies, the sample size of underweight and obese BMI subjects is small to draw a conclusion on the independent effect of BMI. Finally, the ethnic homogeneity of the KBCR database may limit the generalizability of our finding to other racial and ethnic groups.
Conclusions
In conclusion, our results indicated a U-shaped relationship between BMI at diagnosis and poor OS and BCSS among all breast cancer patients, with the lowest risk observed among breast cancer patients with normal BMIs (18.5 -24.9 kg/m 2 ). Among breast cancer patients with ER and/or PR+/HER2-tumors, obese individuals exhibit significantly poorer OS and BCSS, whereas among those with ER and PR-/HER2+ tumors, underweight patients exhibit significantly poorer OS and BCSS compared with breast cancer patients with normal BMIs. Although obesity and underweight BMI at diagnosis are poor prognostic factors in pooled breast cancer samples, BMI at diagnosis exhibited a different impact on breast cancer prognosis in specific breast cancer subtypes. Therefore, BMI at diagnosis and breast cancer subtype should be considered simultaneously in various treatment decision processes and surveillance schedules.
